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Abstract 
Magnetic Targeted Drug Delivery System (MTDDS), based upon magnetic particles under the action of an external magnetic 
field, is an effective technique for drug therapy. The aim of the drug targeting is to decrease the amount of drug delivered to 
healthy tissue, while maintaining the therapeutic action at the desired site. In this work, a mathematical model is presented for 
predicting magnetic nanoparticles transport in a channel for targeted drug delivery. The fluid flow composed of magnetic 
nanoparticles in a uniform channel is studied under the influence of magnetic field. The governing nonlinear partial differential 
equations for both the fluid and nanoparticles are solved using finite difference scheme and simulations are performed on 
MATLAB. Results show the decrease in velocity of fluid as well as magnetic nanoparticles by increasing the magnetic field. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Magnetic Targeted Drug Delivery System (MTDDS), based upon magnetic particles under the action of an 
external magnetic field, is an effective technique for drug therapy. Compared with the traditional technique, it is 
highly efficient, quick-impact, and could reduce region by concentrating drugs in target sites [Pankhurst et al., 
2003].  A wide selection of nano-sized constructs has been developed for applications in drug delivery, imaging, and 
tissue engineering [Doshi et al., 2009]. Gupta et al., 2014 studied the ferrites based nanostructures for biomedical 
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applications. The development of more effective drug treatment methodologies is an area of much research. In most 
drug delivery systems much of any drug administered to patients does not reach its target site. The aim of the drug 
targeting is to decrease the amount of drug delivered to healthy tissue, while maintaining the therapeutic action at 
the desired site [Cregg et al., 2010]. 
 
 
Fig. 1. The schematic diagram for flow of base fluid with magnetic nanoparticles in a channel under magnetic field. 
 
One of the promising methods for precise targeting and delivery of medical drugs to locally affected disease sites 
inside the human body is Magnetic Drug Targeting (MDT). The concept behind the MDT technique is to use the 
magnetic nanoparticles as the drug carriers that are affected by locally distributed magnetic fields, causing a more 
efficient deposition of the medical drugs on desired locations. The range of applications varies from delivery of the 
powerful anticancer drugs carried by magnetic particles inserted into the blood circulate system to improve the 
deposition efficiency of aerosols inside the upper respiratory airways and lungs. There are two prerequisites for 
checking efficiency of the MDT technique. First, it is necessary to be able to predict flow behaviour of the main 
fluid (blood) through complex blood vessels or inside the respiratory system. The second prerequisite is to be able to 
predict distributions of the released magnetic particle carriers when subjected to externally imposed magnetic fields 
[Kenjeres et al. 2009]. In this paper, we present a mathematical model to study the transport of magnetic 
nanoparticles in a channel under magnetic field for targeted drug delivery. The governing nonlinear partial 
differential equations for both the fluid and nanoparticles are solved using finite difference scheme and simulations 
are performed on MATLAB. 
 
2. Mathematical Model 
The MTDDS of a carrier particle in the vascular system is based on several factors including (a) the magnetic 
force, (b) viscous drag, (c) particle/blood-cell interactions, (d) inertia, (e) buoyancy, (f) gravity, (g) thermal kinetics 
(Brownian motion), (h) particle/fluid interactions (perturbations to the flow field) and (i) inter particle effects such 
as magnetic dipole interactions. However, in this work, we taken into account the dominant magnetic and viscous 
forces. Navier-Stokes equation dictates velocity of fluid at a given point in space. To study the behaviour of nano-
fluid the equation of motion is given by 
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where  
2
0KN rB P   
6 pK rSP  (Stokes parameter) 
pr  = Radius of nanoparticles 
0N  = Nanoparticles density 
r   = Radius of channel  
P   = Nanofluid viscosity 
The motion of nanoparticles is governed by using the Newton’s Second Law: 
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where  u   = Velocity of base fluid 
v   = Velocity of nanoparticles 
m  = Mass of nanoparticles 
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mf  = Magnetic force  
The magnetic force on the carrier magnetic particle is given by [Furlani et al., 2007] 
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where aH   is the applied magnetic field intensity at the centre of the carrier particle,  0 1mp mpF P P    and 
mpP  are the susceptibility and permeability of the magnetic particles and 70 4 10P S  u    H/m is the 
permeability of air. 30
4
3mp
V rS is the volume of the nanoparticles and mpN  is the number of particles. We have 
also assumed that blood is essentially nonmagnetic with permeability 0P . The schematic diagram for flow of base 
fluid with magnetic nanoparticles in a channel under magnetic field is shown in Fig. 1. The coupled nonlinear partial 
differential equations (1 & 2) for both the fluid and nanoparticles are solved using finite difference scheme and 
simulations are performed on MATLAB. 
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3. Results and Discussions 
Fig. 2 (a) shows the velocity of base fluid with time at different radial position in the channel at constant 
magnetic field (5 kOe). It is observed by Fig. 2 that the velocity of base fluid increases from 0.012 to 0.036 cm/s as 
time increases from t=0 to 1. This is because the fluidic force is acting on it and it pushes the base fluid forward and 
attains a maximum value after saturation.  Fig. 2 (b) also shows the velocity of nanoparticles with time at different 
position in the channel at constant magnetic field. It is again the velocity of nanoparticles increases with time and 
achieve the maximum velocity for t = 1.  
 
Fig. 2. (a) Velocity of base fluid with time and (b) Velocity of magnetic nanoparticles with time at different radial positions in the channel at 
constant magnetic field (5 kOe). 
 
Fig. 3 (a) and (b) show the velocity of base fluid and magnetic nanoparticles with radius of channel at different time 
steps at constant magnetic field, respectively. Fig. 3 (a) and (b) show that base fluid as well as magnetic particles 
have the maximum velocity at the centre of channel i.e. radius is zero. However, as we move from centre to wall of 
the channel, the velocity of base fluid decreases and becomes zero. 
 
 
 Fig. 3. (a) Velocity of base fluid and (b) Velocity of magnetic nanoparticles with channel radius (r) at different time steps. 
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Fig. 4 (a) and (b) show the velocity of base fluid and magnetic nanoparticles with radius of channel at different 
magnetic field (1-5 kOe), respectively. The results show that the velocity of base fluid and magnetic nanoparticles 
decreases as the magnetic field increases. The velocity of base fluid decreses from 0.07 to 0.036 cm/s as magnetic 
filed increses from 1 to 5 kOe, respectively. Similiarly, the velocity of magnetic particle decreses from 0.05 to 0.027 
cm/s as magnetic field increses from 1 to 5 kOe, respectively. Reduction in velocity by increasing the magnetic field 
is due to the fact that as magnetic field applied, the magnetic force opposes the flow of fluid and magnetic particles, 
which reduces the flow velocity.  
 
 
 
Fig. 4. (a) Velocity of base fluid and (b) Velocity of magnetic nanoparticles with radius of channel (r) at different magnetic field (1-5 kOe). 
 
4. Conclusions 
We have presented a mathematical model to study the transport of magnetic nanoparticles in a channel under 
magnetic field for targeted drug delivery. The model is designed to simulate the behaviour of nanoparticles as well 
as base fluid under the influence of external magnetic field. Magnetization and drag force, which are expected to 
significantly affect the transport of nanoparticles, are incorporated. The governing nonlinear partial differential 
equations for both the fluid and nanoparticles are solved using finite difference scheme and simulations are 
performed on MATLAB. Results show that the velocity of base fluid increases as time increases from t=0 to 1. This 
is because the fluidic force is acting on it and it pushes the base fluid forward and attains a maximum value after 
saturation. Further the velocity of base fluid decreases from 0.07 to 0.036 cm/s and velocity of magnetic 
nanoparticle decreses from 0.05 to 0.027 cm/s as we increase the magnetic filed from 1 to 5 kOe, respectively.  
Reduction in velocity by increasing the magnetic field is due to the fact that as magnetic field applied, the magnetic 
force opposes the flow of fluid and magnetic particles, which reduces the flow velocity.  
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